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Evaluation and management of blunt cerebrovascular injury:
A practice management guideline from the Eastern Association for

the Surgery of Trauma

Dennis Y. Kim, MD, Walter Biffl, MD, Faran Bokhari, MD, Scott Brakenridge, MD, Edward Chao, MD,
Jeffrey A. Claridge, MD, MS, Douglas Fraser, MD, Randeep Jawa, MD, George Kasotakis, MD, MPH,

Andy Kerwin, MD, Uzer Khan, MD, Stan Kurek, MD, David Plurad, MD, Bryce R.H. Robinson, MD, MS,
Nicole Stassen, MD, Ron Tesoriero, MD, Brian Yorkgitis, DO, and John J. Como, MD, MPH, Torrance, California

BACKGROUND: Blunt cerebrovascular injuries (BCVIs) are associated with significant morbidity and mortality. This guideline evaluates several
aspects of BCVI diagnosis and management including the role of screening protocols, criteria for screening cervical spine injuries,
and the use of antithrombotic therapy (ATT) and endovascular stents.

METHODS: Using the Grading of Recommendations Assessment, Development and Evaluation (GRADE) methodology, a taskforce of the
Practice Management Guidelines Committee of the Eastern Association for the Surgery of Trauma performed a systematic review
and meta-analysis of currently available evidence. Four population, intervention, comparison, and outcome questions were devel-
oped to address diagnostic and therapeutic issues relevant to BCVI.

RESULTS: A total of 98 articles were identified. Of these, 23 articleswere selected to construct the guidelines. In these studies, the detection of
BCVI increased with the use of a screening protocol versus no screening protocol (odds ratio [OR], 4.74; 95% confidence interval
[CI], 1.76–12.78; p = 0.002), as well as among patients with high-risk versus low-risk cervical spine injuries (OR, 12.7; 95% CI,
6.24–25.62; p = 0.003). The use of ATT versus no ATT resulted in a decreased risk of stroke (OR, 0.20; 95% CI, 0.06–0.65;
p < 0.0001) and mortality (OR, 0.17; 95% CI, 0.08–0.34; p < 0.0001). There was no significant difference in the risk of stroke
among patients with Grade II or III injuries who underwent stenting as an adjunct to ATT versus ATT alone (OR, 1.63; 95%
CI, 0.2–12.14; p = 0.63).

CONCLUSION: We recommend using a screening protocol to detect BCVI in blunt polytrauma patients. Among patients with high-risk cervical
spine injuries, we recommend screening computed tomography angiography to detect BCVI. For patients with low-risk risk cer-
vical injuries, we conditionally recommend performing a computed tomography angiography to detect BCVI. We recommend the
use of ATT in patients diagnosed with BCVI. Finally, we recommend against the routine use of endovascular stents as an adjunct to
ATT in patients with Grade II or III BCVIs. (J Trauma Acute Care Surg. 2020;88: 875–887. Copyright © 2020 Wolters Kluwer
Health, Inc. All rights reserved.)

LEVEL OF EVIDENCE: Guidelines, Level III.
KEYWORDS: Blunt cerebrovascular injury; carotid artery injury; vertebral artery injury; antithrombotic; stent.

B lunt cerebrovascular injuries (BCVIs) are rare yet potentially
devastating injuries affecting 1% to 3% of blunt trauma

patients.1–5 Over the past three decades, significant advances
have been made in our understanding of the mechanisms and
pathophysiology underlying these injuries.6–9 The development
of screening criteria (Table 1)5,8 and an injury grading scale

(Table 2)11 has been central to our ability to detect, accurately
describe, prognosticate, and treat BCVIs.10,12,13

Early diagnosis and treatment are critical to minimize the
morbidity and mortality associated with BCVIs.2,4,14–23 One of
the most feared complications is a stroke, which may occur in
up to 20% of patients, most commonly in the early (<72 hours)

Submitted: January 29, 2020, Revised: February 27, 2020, Accepted: March 3, 2020,
Published online: March 14, 2020.

From the Division of Trauma/Acute Care Surgery/Surgical Critical Care, Department
of Surgery (D.Y.K.), Harbor-UCLA Medical Center, David Geffen School of
Medicine at UCLA, Torrance; Trauma Surgery Department, Scripps Memorial
Hospital La Jolla (W.B.), La Jolla, California; Department of Trauma and Burn
Surgery, Stroger Hospital of Cook County (F.B.), Rush University, Chicago,
Illinois; Department of Surgery (S.B.), University of Florida, Gainesville,
Florida; Department of Surgery, Jacobi Medical Center (E.C.), Bronx, New
York; Department of Surgery, MetroHealth Medical Center (J.A.C., J.J.C.),
Cleveland, Ohio; Department of Surgery, UNLV School of Medicine (D.F.), Las
Vegas, Nevada; Division of Trauma, Emergency Surgery, and Surgical Critical
Care, School of Medicine (R.J.), Stony Brook University, Stony Brook, New
York; Department of Surgery, University of Florida College of Medicine —
Jacksonville (A.K., B.Y.), Jacksonville, Florida; Department of Surgery, Duke
University (G.K.), Durham, North Carolina; Department of Surgery, Western
Virginia University (U.K.), Morgantown, West Virginia; Department of Surgery
(S.K.), Chippenham-Johnston Willis Medical Center, NorthStar Trauma

Surgery, Richmond, Virginia; Department of Surgery, Riverside Community
Hospital (D.P.), Riverside, California; Division of Trauma and Critical Care,
Department of Surgery, Harborview Medical Center (B.R.H.R.), University of
Washington, Seattle, Washington; Division of Acute Care and Trauma Surgery,
Department of Surgery, Rochester University Medical Center (N.S.), Rochester,
New York; and Department of Surgery, University of Maryland Medical Center
(R.T.), Baltimore, Maryland.

This study was presented at the Eastern Association for the Surgery of Trauma Annual
Scientific Meeting, 2018, in Lake Buena Vista, Florida on January 12, 2018.

Supplemental digital content is available for this article. Direct URL citations appear in
the printed text, and links to the digital files are provided in the HTML text of this
article on the journal’s Web site (www.jtrauma.com).

Address for reprints: Dennis Yong Kim, MD, MMEd, FRCSC, FACS, FCCP, FCCM,
Division of Trauma/Acute Care Surgery/Surgical Critical Care, Department of
Surgery, Harbor-UCLA Medical Center, David Geffen School of Medicine at UCLA,
1000 West Carson St, Box 42, Torrance, CA 90509; email: dekim@dhs.lacounty.gov.

DOI: 10.1097/TA.0000000000002668

GUIDELINES

J Trauma Acute Care Surg
Volume 88, Number 6 875

Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.

http://www.jtrauma.com
mailto:dekim@dhs.lacounty.gov


postinjury period.24,25 Early initiation of antithrombotic therapy
(ATT) has been demonstrated to decrease the risk for stroke,
stroke-related morbidity and mortality, and overall mortality in
patients with BCVIs.1,17,24,26–32

Since the original Eastern Association for the Surgery of
Trauma practice management guideline (PMG) was published
in 2010,33 new data and controversy have emerged regarding
various aspects in the diagnosis and management of BCVIs.
The following PMG addresses several issues related to the use
of screening protocols, screening of cervical spine injuries, the
role of ATT, and endovascular stents in patients with BCVI.

OBJECTIVES

Using the Grading of Recommendations Assessment, De-
velopment and Evaluation (GRADE) methodology,26,34 we de-
fined four population (P), intervention (I), comparator (C), and
outcome (O) (PICO) questions:

PICOquestion 1: In adult patients with blunt polytrauma (P),
should a screening protocol (I) versus no screening protocol
(C) be used to detect BCVI (O)?
PICO question 2.A.: In adult patients with high-risk cervical
spine injuries (P), should a screening computed tomography
angiography (CTA) (I) versus no screening CTA (C) be per-
formed to detect BCVI (O)?
PICO question 2.B.: In adult patients with low-risk cervical
spine injuries (P), should a screening CTA (I) versus no
screening CTA (C) be performed to detect BCVI (O)?
PICO question 3: In adult patients diagnosed with BCVI (P),
should ATT (I) versus noATT (C) be administered to decrease
the incidence of stroke (O1) or mortality (O2)?
PICOquestion 4: In adult patients with Grade II or III BCVIs
(P), should routine endovascular stenting (as an adjunct to

ATT) (I) versus ATTalone (C) be performed to reduce the risk
of stroke (O1) or mortality (O2)?

PATIENTS AND METHODS

Identification of References
Our systematic review was registered with the PROS-

PERO systematic registry of systematic reviews and meta-
analyses (registration number CRD42018054777). An informa-
tion specialist performed a systematic review of the literature
using PubMed, Web of Science, EMBASE, and the Cochrane
Library from inception (January 1965) to November 2017 using
a combination of medical subject heading terms and keywords
(Supplemental Digital Content 2, Supplementary Table 1,
http://links.lww.com/TA/B601). The literature review was up-
dated in November 2019. Exclusion criteria included non-
English articles and case reports.

Selection of Outcomes
In accordance with the GRADE approach, outcomes were

selected by the committee and voted on independently by each
author in order of importance from 1 to 9, with scores of 7 to
9 representing critical outcomes.35 Outcomes considered were
as follows: stroke (hemorrhagic or ischemic), mortality, length
of stay (hospital and intensive care unit), bleeding, infection,
postprocedure complications, contrast-induced nephropathy,
hospital costs, worsening of bleeding, need for delayed operative
intervention, detection of injury, missed injury, and readmission.
The critical outcome for PICO questions 1 and 2 was detection
of BCVI. For PICO questions 3 and 4, the critical outcomeswere
stroke and mortality.

Data Extraction and Management
Following completion of the literature search, records

were independently reviewed by two members of the guidelines

TABLE 1. Screening Criteria for BCVI5,8

Denver Criteria Memphis Criteria

Signs/symptoms of BCVI
Potential arterial hemorrhage from neck/nose/mouth
Cervical bruit in patient <50 y old
Expanding cervical hematoma
Focal neurologic defect: TIA, hemiparesis, vertebrobasilar symptoms, Horner's syndrome
Neurologic deficit inconsistent with head CT
Stroke on CT or MRI

Risk factors for BCVI
High-energy transfer mechanism
Displaced midface fracture (LeFort II or III)
Mandible fracture
Complex skull fracture/basilar skull fracture/occipital condyle fracture
Severe TBI with GCS <6
Cervical spine fracture, subluxation, or ligamentous injury at any level
Near hanging with anoxic brain injury
Clothesline type injury or seat belt abrasion with significant swelling, pain, or altered mental status
TBI with thoracic injuries
Scalp degloving
Thoracic vascular injuries
Blunt cardiac rupture
Upper rib fractures

Unexplained neurologic deficit
Horner's syndrome
LeFort II or III (unilateral or bilateral)
Cervical spine injury
Skull base fractures involving the foramen lacerum
Neck soft tissue injury (e.g., seatbelt injury or hanging)

MRI, magnetic resonance imaging; TIA, transient ischemic attack; GCS, Glasgow Coma Scale.

Kim et al.
J Trauma Acute Care Surg

Volume 88, Number 6

876 © 2020 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.

http://links.lww.com/TA/B601


group (D.Y.K., D.P.) to determine which records would proceed
to title/abstract review followed by full-text review. Any con-
flicts regarding inclusion were resolved by a third member.

All references selected for full-text review were entered
into a Microsoft Excel (version 16.17; Microsoft Corporation,
Redmond, WA) spreadsheet to capture the following study vari-
ables: authors, article title, study design, interventions, and out-
comes. All members of the PMGworkgroup were provided with
access to the full-text articles, grading resources, and instruc-
tions regarding risk of bias assessment.

Assessment of the Quality of Evidence
Evidence profile tables were generated for each PICO

using GRADEpro Guideline Development Tool (McMaster
University and Evidence Prime Inc., Hamilton, ON, Canada).
The quality of evidence (QoE) for each critical outcome was de-
termined on the basis of several explicit criteria including study
limitations (risk of bias), publication bias, imprecision, inconsis-
tency, and indirectness. Quality of evidence reflects the extent to
which confidence in an estimate of the effect is adequate to sup-
port recommendations.36 The GRADE approach results in an
assessment of the quality of a body of evidence as high, moder-
ate, low, or very low.

All members of the subcommittee voted on the proposed
recommendations. The strength of a recommendation indicates
the extent to which we can be confident that adherence to the
recommendation will do more good than harm.37 In addition
to the overall QoE, members also considered the potential benefits
and harms of a proposed management strategy or therapy, as well
patients' values and preferences, and resource considerations.38,39

Statistical Analyses
Data from each study were entered into Review Manager

(version 5.3; Cochrane Collaboration, London, United
Kingdom) for quantitative analysis. A random effects model
was used to calculate odds ratios (ORs) for categorical variables.
Forest plots were generated to display effect estimates and con-
fidence intervals (CIs) for individual studies. The proportion
of variation between studies due to heterogeneity was quantified
using the I2 statistic and categorized as low (<40%), moderate
(40–74%), or high (>75%).

RESULTS

The search generated a total of 343 articles, of which 245
were excluded by title and abstract review. Of the remaining 98
articles, 75 were excluded following full-text review, thereby
yielding 23 articles for analysis. The process for study selection

is outlined in the Preferred Reporting Items for Systematic Re-
views and Meta-analyses flow diagram (Fig. 1).

RESULTS FOR SCREENINGPROTOCOL TODETECT
BCVI (PICO 1)

In adult patients with blunt polytrauma, should a screening
protocol versus no screening protocol be used to detect BCVI?

Qualitative Synthesis
Before the introduction of screening protocols, the inci-

dence of BCVI was reported to be 0.1%,1,15,40 and the diagnosis
was often made following a stroke.27,41 Currently, BCVI may be
identified in up to 3% of polytrauma patients at centers that have
developed, adopted, or implemented an institutional screening
protocol.5,42 The fundamental components of these protocols
are similar, namely, to identify patients at risk for BCVI on the
basis of established screening criteria (Table 1) and to perform
either four-vessel biplanar cerebral arteriography (ART) or
CTA to establish the diagnosis.

Implementation of BCVI screening protocols, develop-
ment of expanded screening criteria,5,43 and the use of whole-
body computed tomography (CT) as a screening test44 have all
resulted in improved detection of asymptomatic BCVI, thereby
allowing for earlier initiation of ATT and prevention of stroke
and stroke-related mortality.1,3,4,14,16,17,26,28,45 Furthermore,
use of screening protocols has been demonstrated to be cost-
effective.18,46,47 Although it remains unknown how many cen-
ters have adopted screening criteria, a previous single-
institutional study at a large, academic, tertiary care center dem-
onstrated a lack of awareness of BCVI screening and grading
criteria among physicians in an emergency setting.48

For the purposes of this PMG, studies that reported the in-
cidence of BCVI detection preimplemetation and postimple-
mentation of a screening protocol were identified. No direct
comparisons were made between different screening criteria
(Denver or Memphis) or screening modalities (ART or CTA).
Although ART remains the criterion standard diagnostic test,
several studies have demonstrated adequate sensitivity and spec-
ificity using CTA, particularly when a 16-channel or higher
multidetector-row CT scanner is used.49–52

A total of six retrospective observational studies evaluated
the effect of implementation of an institutional BCVI screening
protocol on the detection of BCVI. In 1998, Biffl et al.1 reported
a BCVI incidence of 0.1% (12 of 12,429 patients) before aggres-
sive screening using ART. Following institution of a screening
protocol for asymptomatic patients, the incidence increased to
0.86%. In a 2001 study by Kerwin et al.,2 the study authors
sought to determine the incidence of abnormal ARTs ordered

TABLE 2. Denver Grading Scale for BCVIs10

Grade Description

I Luminal irregularity or dissection with <25% luminal narrowing

II Dissection or intramural hematoma with >25% luminal narrowing, intraluminal thrombus, or raised intimal flap

III Pseudoaneurysm

IV Occlusion

V Transection with free extravasation
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for liberalized screening of patients suspected to be at high-risk
for BCVI. Before the protocol, the incidence of BCVI in 14,003
patients over a 12.5-year period was 0.03%. Postprotocol imple-
mentation, the incidence of BCVI was 1.1% for an 18-month pe-
riod. Overall, 91% of all BCVIs were detected following the
initiation of the aggressive screening protocol.

In 1999, Rogers et al.15 reported their experience with cer-
vical CTA as a screening modality for BCVI and found an over-
all incidence of 0.11%. There was a significant increase in the
incidence of BCVI from 0.06% in the pre-CTA period to
0.19% in the post-CTA period (p = 0.02). A 2006 study53 found
a BCVI incidence of 1.4% in a CTA-based screening protocol
cohort compared with a 0.17% detection rate in an unscreened
population of blunt trauma patients. More recently,54 incorpora-
tion of the Denver Screening Criteria into a diagnostic-imaging
pathway using CTA demonstrated a significant increase in the
incidence of BCVI from 0.52% (20 of 3,880 patients) to
1.06% (38 of 3,571 patients). A 2017 study23 examining the ef-
fect of a consensus-based BCVI screening protocolwith CTA on
detection of BCVI found no difference in the preprotocol versus
postprotocol incidence of BCVI (0.8% vs. 0.9%, p = 0.53).

Quantitative Synthesis (Meta-analysis)
All six studies met the inclusion criteria for quantitative anal-

ysis.1,2,15,23,53,54 Of the 89,721 patients studied, the proportion of
patients diagnosed with BCVI using a screening protocol was
0.7% compared with 0.2%without the use of a screening protocol.
The OR for detection of BCVI using a screening protocol was 4.7
(95%CI, 1.76–12.78; p = 0.002) (Fig. 2A). The I2 was 92%, signi-
fying substantial heterogeneity due to real differences in studies.55

Grading the Evidence
With the use of the GRADE framework for evaluating the

data related to the outcome of detection of BCVI, the overall
QoE was found to be very low because of the retrospective de-
sign of the studies with a serious risk of bias, inconsistency, in-
directness, and imprecision (Fig. 2B). No evidence of
publication bias was identified (Supplemental Digital Content
1, Supplementary Figure 1, http://links.lww.com/TA/B600).

Recommendation
In formulating a recommendation for PICO 1, we consid-

ered that most blunt polytrauma patients would benefit from and

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses diagram of included studies.
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place a high value on a standardized approach to the detection of
BCVI with a low potential for harm. Early diagnosis would al-
low for the initiation of ATT, which has been demonstrated to
decrease the risk of stroke and death. We also considered that
most patients would place significant value on avoiding such com-
plications and accept the potential risks associated with CTA or
ART. Based on this evidence, 15 authors (88%) voted for a strong
recommendation, while 2 (12%) voted for a conditional recom-
mendation. Thus, we recommend using a screening protocol for
the detection of BCVI in adult patients with blunt polytrauma.

RESULTS FOR SCREENING HIGH- AND LOW-RISK
CERVICAL SPINE INJURIES FOR BCVI (PICO 2)

2.A. In adult patients with high-risk cervical spine injuries
(P), should a screening CTA (I) versus no screening CTA (C) be
performed to detect BCVI (O)?

2.B. In adult patients with low-risk cervical spine injuries
(P), should a screening CTA (I) versus no screening CTA (C) be
performed to detect BCVI (O)?

Qualitative Synthesis
Cervical spine injuries remain the most common criterion

leading to BCVI screening,20 and the association between cervi-
cal spine injuries and BCVI, specifically vertebral artery injuries
(VAIs), is well described.16,56–59 Subluxation or distraction
injuries,60–63 vertebral foramen,64 facet or transverse process
fractures,65,66 upper cervical spine fractures,67,68 and the pres-
ence of a concomitant spinal cord injury,62,69 have all been dem-
onstrated to increase the risk for BCVI.

Early screening protocols emphasized the importance of
screening all patients with cervical spine injuries as a significant
proportion of patients may be found to harbor a BCVI.14 As ex-
perience with the diagnosis and management of BCVI grew, a
more selective approach to the diagnostic workup evolved,
mainly as a result of the invasive nature, resource utilization,
and potential complications associated with ART. Central to this
selective approach was the identification of complex or high-
risk cervical spine injuries. These injuries, as defined by the
Denver group, include upper cervical spine (C1–C3) fractures,
subluxation, and cervical spine fractures that extend into the
transverse foramen.70,71 This contrasts with low-risk cervical
spine fracture patterns or injuries, which, as defined by the
Memphis group, include any cervical spine injury.

With the widespread availability and improved accuracy
of multidetector spiral CT, there has been a move once again to-
ward a more liberal approach to performing CTA in patients
with both high- and low-risk cervical spine injuries. This is
based on the findings of previous studies demonstrating no pre-
dilection17 or a similar incidence of BCVI in patients with and
without high-risk criteria.20,72–77

Upon review of the literature, the PMG group did not
identify any studies that specifically compared screening CTA
with no screening CTA to detect BCVI among patients with ei-
ther high- or low-risk cervical spine injuries. However, we did
identify studies in which the incidence of VAIs was reported
based on the presence of high- versus low-risk cervical spine
injuries. Therefore, for the purposes of this PMG, studies
were included for analysis if the incidence of BCVI was re-
ported on the basis of the presence of high- versus low-risk
cervical spine injuries.

Figure 2. (A) Forest Plot for PICO 1 screening protocol versus no screening protocol for detection of BCVI. (B) GRADE profile for PICO 1
screening protocol versus no screening protocol for BCVI detection.
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In the largest study to date, Cothren et al.71 performed
screening ART in 766 patients, of whom 109 (14%) underwent
screening for cervical spine fractures as the sole indication. Of
125 BCVI patients with cervical spine fractures, 117 (93.6%)
were high risk. Among those with low-risk fractures, other
screening criteria were fulfilled, which resulted in ART. A more
recent study found that the presence of a high-risk cervical frac-
turewas associated with a significantly increased risk for VAI on
CTA (OR, 19.2; 95% CI, 2.6–139.9; p < 0.05).78

Among 328 patients in whom cervical spine fracture was
the most common sole criteria for screening CTA, Emmett
et al.20 identified a 13% incidence of BCVI and no significant
difference in the incidence of BCVI among patients with low-
risk or “limited criteria” cervical fractures and high-risk fractures
(15% vs. 9%, p = 0.16). The authors advocated for screening all
cervical spine injuries, not just those deemed to be high risk.
Similar recommendations were made by Kopelman et al.,73

who proposed that all cervical spine fractures warrant screening
for BCVI, despite only 2% of patients in the low-risk category
being diagnosed with BCVI in their study.

Quantitative Synthesis (Meta-analysis)
These same four studies were considered for quantitative

analysis.20,71,73,78 A total of 527 patients with low-risk cervical
spine injuries were compared with 1,239 patients with high-
risk injury patterns, yielding a total of 1,766 patients studied.
Blunt cerebrovascular injury was detected in 22 patients
(4.2%) with low-risk injuries and 213 (17.2%) with high-risk in-
juries. The OR for detection of BCVI among patients with high-
risk cervical spine injuries was 12.7 (95% CI, 6.24–25.62;
p = 0.003). There was moderate heterogeneity across studies
(I2 = 74%) (Fig. 3A).

Grading the Evidence
Within the GRADE framework for evaluating the data re-

lated to the detection of BCVI among patients with low- or high-
risk cervical spine injuries, the overall QoE was found to be very
low. There was a serious risk of bias insofar as all four studies
were retrospective in design. Inconsistency and imprecision
were also judged to be serious (Fig. 3B). Indirectness was
deemed to be very serious, and publication bias was considered
unlikely (Supplemental Digital Content 3, Supplementary Fig-
ure 2, http://links.lww.com/TA/B602).

Recommendation
In formulating a recommendation for PICO 2, we consid-

ered that the benefits of screening for BCVI in patients with
high-risk cervical injuries outweigh the potential harms associ-
ated with imaging including, but not limited to, contrast-
induced nephropathy. We also believe that most patients would
place a high value on the early and rapid detection of BCVI
and, if given the choice, most patients would prefer a noninva-
sive form of diagnosis such as CTA as opposed to ART. Based
on this evidence, 12 authors (70.5%) voted for a strong recom-
mendation, while 5 (29.5%) voted for a conditional recommen-
dation. On the basis of these considerations, we recommend
screening CTA in patients with high-risk cervical spine injuries
to detect BCVI.

For patients with low-risk cervical spine injuries, the inci-
dence of BCVI ranged from 2% to 9%. Given the potential mor-
bidity of untreated BCVI and the widespread availability of
CTA, we believe that the benefits of performing CTA in patients
with low-risk cervical spine injuries may outweigh the potential
risks. Furthermore, we also believe that the decision to perform
imaging should be made on a case-by-case basis and that a thor-
ough search for other criteria mandating screening for BCVI
should be sought. Based on this evidence, 14 authors (82.3%)
voted for a conditional recommendation, while 3 (17.7%) voted
for a strong recommendation. On the basis of these consider-
ations, we conditionally recommend BCVI screening in patients
with low-risk cervical spine injuries to detect BCVI.

RESULTS FOR ATT IN PATIENTS WITH BCVI
(PICO 3)

In adult patients diagnosed with BCVI, should ATT ver-
sus no ATT be administered to prevent stroke (O1) or mortality
(O2)?

Qualitative Synthesis
Before the development and application of BCVI screening

criteria in the 1990s, the majority of patients with BCVI presented
with symptoms and signs of neurologic ischemia.1,16,26,27,79 Be-
cause the majority of BCVIs are inaccessible and operative repair
is generally not feasible, treatment with systemic anticoagulation
was introduced in an effort to decrease BCVI-related morbid-
ity.80,81 In 1996, Fabian et al.26 were the first to demonstrate
improved neurologic outcomes with the use of systemic anticoag-
ulation in 62 patients with blunt carotid artery injuries (CAIs).
Overall, 63% of survivors had a good neurologic outcome, and
heparin therapy was also associated with improved survival. Re-
cent literature demonstrates that institution of ATT (either sys-
temic anticoagulation or antiplatelet medications) before the
development of neurologic sequela has resulted in significantly
improved outcomes with a reduction in BCVI-related stroke rates
to less than 10%.17,24,28,82

For the purposes of this guideline, 10 comparative studies
were identified, all of which were included in the construction of
the evidence profile for stroke. We did not compare different
types of ATT but rather grouped them into a single category as
high-quality data regarding superiority of one agent over another
are lacking.8,12,79 Furthermore, in the majority of studies, more
than one type of ATT was used thereby complicating any at-
tempts to discern superiority of one agent over another. Finally,
studies examining the impact of treatment type on outcomes
have found no demonstrable difference in the risk of stroke or in-
jury healing rates between groups.12,17

Five studies, including the 1996 study by Fabian et al.,26

demonstrated a significant decrease in stroke incidence in pa-
tients treated with ATT. In four studies, ATT included systemic
anticoagulation in the form of unfractionated heparin, antiplate-
let agents, or both.17,24,82,83 Subgroup analysis revealed no dif-
ference in the incidence of stroke between patients receiving
systemic heparin and antiplatelet therapy.17,24 In one of the only
studies to examine the effect of treatment in patients with con-
comitant traumatic brain injury (TBI),83 use of unfractionated
heparin or aspirin (81 or 235 mg) resulted in a lower risk for
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stroke compared with no therapy (4% vs. 57%, p < 0.0001) with
no increase in the risk of hemorrhagic deterioration based on
pharmacologic exposure (5% vs. 6%, p = 0.6).

Five studies found no significant difference in stroke
among patients who received or did not receive ATT.1,16,30,84,85

Four of these studies examined only blunt CAIs, and one re-
ported on outcomes in patients with VAIs. Stroke was variably
defined across studies with outcomes stratified by severity of
deficit1,85 or outcome.84 In a study of 38 patients with blunt
VAIs, Biffl et al.16 found a higher but nonsignificant incidence
of deterioration in neurologic status from diagnosis to discharge
in 60% of patients with VAIs not treated with systemic heparin
versus 19% of those treated systemically (p = 0.11). In another
study30 of 65 patients being treated with ATT, 9% failed or suf-
fered a cerebral infarction in the face of therapy, and the study
authors found no difference in stroke rates between BCVI pa-
tients receiving antiplatelet therapy versus anticoagulation. In
one study, bleeding complications were noted to be higher with
systemic anticoagulation versus antiplatelet agents.85

For the critical outcome of mortality, six studies met the
criteria.1,16,26,30,83,84 The two largest studies26,30 demonstrated
a significant decrease in mortality in patients receiving ATT,
whereas the remaining four studies found no difference.1,16,83,84

Four studies reported on the incidence of BCVI-related mortal-
ity, which was found to occur in 8% to 76% of patients.16,26,83,84

Quantitative Synthesis (Meta-analysis)
All 10 studies met the criteria for quantitative analysis of

stroke, and 617,24,26,83,84 met the criteria for mortality. A total
of 713 patients received ATT and 235 did not. Strokes occurred
in 9.8% of patients in the ATT group versus 33.6% of patients in
the untreated group with an OR of 0.20 (95% CI, 0.06–0.65;

p < 0.0001) (Fig. 4A). The I2 was77%, falling into the “high”
heterogeneity category.

For the outcome of mortality, 253 patients received ATT
and 77 did not, for a total of 330 patients. Mortality was
16.6% in the ATT group compared with 40.4% in the non-
ATT group, with an OR of 0.17 (95% CI, 0.08–0.34;
p < 0.0001) (Fig. 4B). The I2 was 0%, indicating minimal het-
erogeneity across studies examining mortality as an outcome.

Grading the Evidence
The overall QoE was found to be very low (stroke) to low

(mortality) because of the retrospective design of the studies in-
cluded with a serious risk of bias. For the outcome of stroke,
both inconsistency and indirectness were found to be serious,
whereas imprecision was not. For the outcome of mortality, in-
consistency, indirectness, and imprecision were deemed not seri-
ous (Fig. 4C and D). No evidence of publication bias was
identified (Supplemental Digital Content 4, Supplementary Fig-
ure 3, http://links.lww.com/TA/B603).

Recommendation
Despite the overall QoE being low (mortality) to very low

(stroke), the panel considered that most patients with BCVI
would likely benefit from the initiation of some form of ATT
once the diagnosis has been confirmed. The benefits of ATT
need to be weighed against the potential for bleeding complica-
tions and progression of hemorrhage, particularly among pa-
tients with TBI and solid organ injuries. The risks of initiating
ATT seem to be low, and the use of ATT is associated with a sig-
nificant reduction in both stroke and mortality.

Furthermore, we considered that many patients diagnosed
with BCVI would place a high value on avoiding the potential
morbidity and mortality associated with these injuries. Based

Figure 3. (A) Forest plot for PICO 2 low- versus high-risk cervical spine injuries and detection of BCVI. (B) GRADE profile for PICO 2
low- versus high-risk cervical spine injuries and BCVI detection
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on this evidence, 13 authors (76.5%) voted for a strong recom-
mendation, while 4 (23.5%) voted for a conditional recommen-
dation. On the basis of the available literature, we recommend
the use of ATT to decrease the incidence of both stroke and mor-
tality in patients with BCVI. This should be done as early and
safely as possible following confirmation of the diagnosis and
consideration should be given toward a multidisciplinary discus-
sion of the optimal ATT among patients with concomitant inju-
ries in whom therapy may exacerbate or worsen bleeding.

RESULTS FOR ENDOVASCULAR STENTS INGRADE
II OR III INJURIES (PICO 4)

In adult patients with a Grade II or III BCVIs, should routine
endovascular stenting (as an adjunct to ATT) versus ATT alone be
performed to reduce the risk of stroke (O1) or mortality (O2)?

Qualitative Synthesis
The role of endovascular stenting for patients with BCVI is

controversial. Early reports suggested a potential role for stenting86

of Grade II injuries with significant luminal narrowing, as well as
Grade III injuries (Table 2) to decrease the risk for embolism and
rupture by decreasing flow into the pseudoaneurysm87,88 for both
CAIs89–91 and VAIs.92 Although early favorable results resulted in
more widespread adoption of endovascular stenting, more recent
studies demonstrate a potentially high risk for complications due
to in-stent thrombosis, particularly in the absence of ATT,1,93,94

and suggest that stent deployment only be used in cases where
the injurieswere persistent or enlarging. In a reviewof the literature
DuBose et al.95 identified, a 3.5% incidence of new neurologic
deficits after stent placement.More recent data, however, have dem-
onstrated improved outcomes in patients undergoing endovascular
intervention for BCVIs compared with earlier series.30,90

Figure 4. (A) Forest plot for PICO 3 ATT versus no ATT and stroke. (B) Forest plot for PICO 3 ATT versus no ATT and death. (C) GRADE
profile for PICO 3 ATT versus no ATT and stroke or death.
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For the purposes of this guideline, only studies that directly
compared outcomes between patients with Grade II or III injuries
who underwent endovascular stenting in the acute setting versus
those treated with ATT alone were included in the analysis. Be-
cause of a paucity of data on mortality as an outcome, only the
critical outcome of stroke was examined for this PICO.

In a 2011 study, DiCocco et al.96 examined outcomes of
endovascular treatment for 200 patients with angiographically con-
firmed BCVI, of which 80 asymptomatic patients underwent
endovascular stenting in conjunction with antiplatelet therapy. Over-
all stroke rate was 16%. No difference in stroke rates was noted be-
tween patients who underwent medical management with ATT
versus stenting even after stratified by grade and vessel injured.

Burlewet al.97 comparedATT to endovascular stenting for
patients with Grade II and III injuries. During the study period,
the authors noted a decrease in the use of stents. The overall
stroke rate in the stent versus no-stent groups was 8.7% versus
0.06% (p = 0.04) with no differences in the distribution of age,
injury severity, or location of BCVI between groups. The study
authors concluded that routine stenting is rarely necessary. A
similar conclusion was reached by Shahan et al.98 where the au-
thors found a significant decrease in the use of stents over a
5-year period. Of 65 stents, the majority (61.5%) were placed
for Grade III injuries. No significant difference in the risk for
stroke was found between patients who underwent stenting with
ATT versus ATTalone (3.1% vs. 2.4%) for Grade II or III injuries.

Quantitative Synthesis (Meta-analysis)
These same three studies were considered for quantitative

analysis of endovascular stenting. A total of 171 patients underwent

stenting of Grade II or III injuries, compared with 323 patients
who did not, for a total of 494 patients studied. The stroke rate
was 4.1% in patients who underwent endovascular stenting, with
or without ATT, and 2.2% in those who received ATT alone.
This difference was not statistically significant (OR, 1.63; 95%
CI, 0.2–12.14; p = 0.63) (Fig. 5A). The I2 statistic was 69%, sig-
nifying a moderate degree of heterogeneity.

Grading the Evidence
The overall QoE was found to be very low because of the

retrospective design of the studies. In addition, risk of bias and
imprecision were judged to be serious, whereas indirectness and
inconsistency were deemed not serious (Fig. 5B). No evidence
of publication bias was identified (Supplemental Digital Content
5, Supplementary Figure 4, http://links.lww.com/TA/B604).

Recommendation
In formulating a recommendation for PICO 4, we consid-

ered that despite the QoE being very low, the potential benefits
of routine endovascular stenting of Grade II or III BCVIs do
not outweigh the potential harms associated with this interven-
tion including, but not limited, to stroke as a result of in-stent
thrombosis. We also considered that most patients undergoing
stent placement would require long-term antiplatelet therapy,
and given that ATT alone has been demonstrated to decrease
the risk for both stroke and mortality, the addition of an invasive
procedure may not be warranted. Furthermore, the panel also
considered that most patients would prefer to avoid an invasive
procedure with its attendant complications and need for
follow-up, repeat imaging, and unknown long-term outcomes.

Figure 5. (A) Forest plot for PICO 4 endovascular therapy versus ATT and stroke. (B) GRADE profile for PICO 4 endovascular therapy
versus ATT and stroke.
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Based on this evidence, 15 members (88%) voted for a strong
recommendation against, while 2 members (12%) voted for a
conditional recommendation against. Thus, we recommend
against the use of routine stenting as an adjunct to ATT in adult
patients with Grade II or III BCVIs to reduce the risk of stroke.

Using These Guidelines in Clinical Practice
The recommendations formulated in this PMG represent

the result of a comprehensive and systematic analysis of the sci-
entific literature regarding the diagnosis and management of
BCVI. These recommendations are meant to empower the
decision-making process and should not replace clinical judg-
ment. Unrecognized and untreated BCVI may result in signifi-
cant clinical sequelae including stroke and death. Given the
rarity of the injury and the lack of well-controlled prospective
clinical trials, the level of evidence on which to base recommen-
dations is low to very low. Despite the development of more lib-
eral and expanded screening criteria, as many as 5% of patients
who are found to have BCVI do not meet common screening
criteria. More injuries will be found with more liberal screening,
but there are diminishing returns for certain criteria (e.g., upper
thoracic injuries) and lower energy mechanisms (e.g., ground-
level falls). This applies to high- versus low-risk cervical injuries
as well. Data support the use of ATT in patients diagnosed with
BCVI, but there is no evidence to support a particular treatment.
The use of various medications should be individualized. Cur-
rently, routine endovascular stent placement in the acute setting
cannot be supported, but there may be individual cases (e.g., per-
sistent or enlarging pseudoaneurysm) in which it would be con-
sidered appropriate and potentially beneficial to a patient.

FUTURE DIRECTIONS

Future studies should attempt to identify optimal screen-
ing criteria, with a more accurate estimate of the yield of various
injury mechanisms and patterns. The search for the ideal screen-
ing test continues, and modalities such as whole-body CT scan
should be further evaluated. In terms of ATT, future studies
should compare therapies, and consider costs, duration, and
need for follow-up imaging. The safety and optimal timing of
initiation of ATT in patients with TBI and solid organ injuries re-
mains to be defined. The role of endovascular stenting and other
interventions (e.g., angioembolization) must be further clarified.

CONCLUSIONS

In summary, we propose four evidence-based recommen-
dations regarding BCVI (Table 3). We recommend using a
screening protocol to detect BCVI in adult polytrauma patients

and performing screening CTA to detect BCVI in patients with
high-risk cervical spine injuries. Among patients with low-risk
cervical spine injuries, we conditionally recommend performing
CTA to detect BCVI. In adult patients with BCVI, we recom-
mend using ATT to prevent both stroke and mortality, and we
recommend against the use of routine endovascular stenting in
adult patients with Grade II or III BCVIs.
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